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Abstract— In this paper, we consider coding schemes designed The novel contribution of this paper is thate propose
for two nodes communicating with each other with the aid an SPC aided bi-directional relaying scheme, which receive
of a relay node, which receives information from the tWo jyformation from the two communicating mobiles in the first

nodes in the first time slot. At the relay node we combine a fi lot and after detecti I d dina the inf
powerful Superposition Coding (SPC) scheme with Iterativly- Ime siot and after detecting as well as decoding the infor-

Decoded Self-Concatenated Convolutional Codes (SECCC-)p Mmation retransmits it to the corresponding destinationsiriy
which exchange mutual information between each other. It is the second time slot. In contrast to prior studies, the seurc

assumed that decoding errors may be encountered at the relay to-relay link is not assumed to be error free, which was the

node. The relay node then broadcasts this information in the ; ;
second time slot after re-encoding it, again, using a SECCC case in the Network Coding (NC) schemes of [6], [7]. In

encoder. At the destination, an amalgamated SPC-SECCC blkc C?””"*_St to [2]’_ the system proposed does n(_)t rely on teripora
then detects and decodes the signal either with or without taaid ~ diversity, and it requires a lower number of time slots thae t

of a priori information. Our simulation results demonstrate that ~ solution in [2]. Our performance results show that the relay
the proposed scheme is capable of reliably operating at alo®ER  ajded SPC arrangement requires a lower transmit power than
for transmission over both AWGN and uncorrelated Rayleigh e gjrect transmission of information between the two eobi

fading channels. We compare the proposed scheme’s performee . L
to a direct transmission link between the two sources havinghe users while maintaining the same throughpy} @nd delay

same throughput. Additionally, the SPC-SECCC system achies (7), because both the relay-aided and direct scheme require
a low BER even for realistic error-infested relaying. two time slots for their communications.

The rest of the paper is organized as follows. In Section
II, we describe our system model and outline the architectur
. INTRODUCTION of the bi-directional SPC-SECCC scheme proposed. Further-
In Superposition Coded (SPC) schemes the multiple nodesore, the iterative receiver structure is also discussedti@
information is code-multiplexed in order to generate the siil is dedicated to our performance evaluations. Finallyg w
perimposed and appropriately rotated composite signathwhconclude our discourse in Section IV.
results in a high throughput [1]-[3]. Hence an outer channel
coded SPC-aided bi-directional relaying arrangement @s pr 1. SYSTEM DESCRIPTION
posed, which was considered in the context of a relay-aidgd
scenario in [4], [5] and in a two-user cooperative scenario L o .
in [6], [7]. In [8] devised a SPC Aided Multiplexed Hybrid The communication links seen in Fig 1 are subject to both
ARQ (M-HARQ) scheme, where M-HARQ jointly encodeg’ree-space path loss as well as to short-term uncorrelated
the current new packet to be transmitted and any packets tﬁé‘yle'gh fading.
are about to be retransmitted.

Cooperation Model

The philosophy of concatenated coding schemes was pro- s
posed by Forney in [9]. Turbo codes constitute a class of-high /\
performance error correction codes (ECC) based on parall ’;1 \/\ Qi
concatenated convolutional codes (PCCC) of two or mo@ ,,,,,,,,,,,, 1@ ,,,,,,,,,,,,,,,,,,,,,,,,,,,, >®
constituent codes, which were developed in [10]. Seriadly-c o TR = {L(fh@)
catenated convolutional codes (SCCC) [11] have been shown & e
to yield a performance comparable, and in some cases superio
to turbo codes. Iteratively-Decoded Self-ConcatenateavGo hpa
lutional Codes (SECCC-ID) proposed by Benedettal. [12]

constitute another attractive family of iterative detentaided

schemes, which impose a low complexity, since they requireL€t Sa, denote the distance between nodeand b. The
a single encoder and a single decoder. path-loss between these nodes can be modelled by [13]:

Fig. 1. Schematic of the bi-directional relay aided system.
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Fig. 2. SPC based SECCC-ID System (Phase | and Il)

havea = 2. The relationship between the enetfjy, received geographical location. In order to quantify SN terms of
at the relay node and that of the destination néfle can be E; /Ny, we have to consider the rafeof the SECCC encoder,

expressed as: hence we havés, /Ny = v — 101logy(R).
Plar) The bi-directional relaying arrangement relies on three
E, = WE‘”’ =GuFEa , (2) nodes, A, B and R, as shown in Fig 1. Node A and B intend to

communicate with each other with the aid of node R. This can

where G, is the power-gain (or geometrical gain) [13]be achieved using any of the cooperation strategies odtline
experienced by the source-relay link with respect to thes®u in Table |.

destination link as a benefit of its reduced distance and-path

loss, which can be computed as: [ Cooperation schemes] Ty [Tz [ Ts [ T4 |
Conventional Relayingf A—R | R—B | B—R | R—A
S\ 2 Network Coding ASR [ BSR | R—A
Gor = . 3) R—B
Sar SuperPosition Coding| A—R | R—A
- . TIRY ; B—R | R—B
Similarly, the power-gain of the relay-destination linkthvi
respect to the source-destination link can be formulated as TABLE |

COMPARISON OF VARIOUS COOPERATION PHILOSOPHIES

Sap )’
Gry = <5Tb) : (4) « Conventional relaying - Node A transmits to R in the
first time slot (T;), while R relays the message to Node
B in the second time slot ¢). Node B transmitse, to
R in the third slot (E), while R relays the message to

If z,; is the jth symbol transmitted from node, the
average received Signal to Noise power Ratio (SNR) at node

b is given by. Node B in the fourth time slot (4.

_ E{Gu}E{|hav ;[P E{zayil*}  Gab 5) « NC - Node A transmitg;; to R in (T;). Node B transmits

- Ny TNy 2o to R in (Ty), while R relays the message to the
intended destination in ¢J*.

e SPC - Only two transmission phases are required. Node

A and B transmitse; andz, to R in (T;) (Phase-l) and

R relays the message to the intended destination i (T

(Phase-ll).

SNR.

where E|ha;|°} = 1 and |z, ;*} = 1. For ease of
analysis, we define the ratio of the power transmitted from
nodea to the noise power encountered at the receiver of node
b as:

|2
SNRt — E{l‘raJ' } — i ,
No No B. Phase | - Source to Relay Transmission

which implies relatir_lg the noise and signal powers to (_aach-rhe basic block diagram of the SPC-SECCC scheme is
other at_ different points in space - therefore we refer tcsit iven in Fig 2, which relies on Phases I and Il, representing
the equivalent SNRs. Hence, we have: two different time slots. The Phase-I transmission may e co
SNR. = SNR G, sidered as a two-user UpLink (UL) multiple access scenario,
Y = 7+ 1010g,0(Gay) [dB] | 7 where each user employs a powerful r&eSECCC scheme

and QPSK modulation, for their transmission to R, which
wherey, = 10log;((SNR.) and~y; = 10log;,(SNR;). There- 1t is possible to achieve the same in two time slots by usingshl-Layer

fore, we Ca_'n achieve the deSireO_' SNBither by Chan_ging Network Coding (PNC) [14] at the 'cost’ of the additional cplexity of a
the transmit power or by selecting a relay at a differempecially designed mapping scheme.

(6)
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Fig. 3. Schematic of the SECCC encoder and decoder. Theamtatb) denotes the Log-Likelihood Ratio (LLR) of bitand the superscripts, o ande
denote thea priori, a posterioriand extrinsic nature of the LLR, respectively [15].

plays the role of a BS. The two UL streams are separated bySince a sufficiently long bit interleaver employed is capabl
a user-specific bit-interleaver, resulting the well-knoBit- of mitigating the correlation between consecutive symbats
interleaved Coded Modulation [16], [17]. The discretedimconsider a particular symbol and aim for the detection of the
system model may be written as: jth source’s symbot;, where Eq. (8) may be rewritten as

Yr = h1x1 + hoxa + ng, (8) yr = hjzj +¢&, (10)

whereyp, z; andz; denote the received signal at the relay,,, representing the residual interference plus noise. By

and the two transmitted signals emerge from sources A anda&iproximatingg as a joint Gaussian random vector, we can
respectively. Furthermoré; andhs denote the correspondingrqodel the extrinsic symbol probability as:
I :

fading coefficient between source A and the relay R as we
as between source B and the relay R, whilge denotes the Pré(z; = x) o exp|—|yr—&— hjz|?/2Ve|, (11)
complex-valued Additive White Gaussian Noise (AWGN).

1) SECCC Encoding at SourceAt the source node we wherexz € A is the particular realization drawn from the
consider a rateR = 1/3 SECCC scheme combined withmodulation alphabetd. The estimated value of and its
Quadrature Phase-Shift Keying (QPSK) modulation. BotrarianceV; may be expressed as
AWGN and uncorrelated Rayleigh fading channel conditions

: 2
are considered. é > hidi — hyij, (12)
=1

As shown in Fig 3, the input bit sequendé,} of the
self-concatenated encoder is interleaved for generatieg t 5
bit sequence{b.}. The resultant bit sequences are parallel- Ve = Zvilhilz + o2 — vy, (13)
to-serial converted and then fed to the Recursive Systemati T
Convolutional (RSC) encoder, which employs the generatorh
polynomial G=[13 15] expressed in octal format and having\%

i=1

ere the soft symbat; and the 'instantaneous’ varianeg

rate ofR; = % as well as a memory of = 3. Hence, for every are given by:

bit input to the SECCC encoder there are four output bits of o Z 2Pr%(z; = 1) (14)

the RSC encoder. At the output of the encoder seen in Fig 3 = ! ’

there is an interleaver and then a r&e= 2 puncturer, which B 2par. 9

punctures (does not transmit) one bit out of four encodesi bit i = Z e P (z; = x) — |2 (15)

Hence, the overall code rate, R can be derived based on [18] eed

as For the decoder of a binary code, the extrinsic non-binary

Ry 1/2 1 symbol probabilityPr“(z;) may be converted to the bit-based

R= 29x Ry  2(3/4) 3 (9) extrinsic LLR LSup(s; = dj),q € [1,Q], where we have

Puncturing is used in order to increase the achievable bar%{: log, |A| and|.A| is the cardinality, i.e. the number of
9 ases in the modulation alphahét The extrinsic LLR of

width efficiencyn. Different codes have been designed in [1 . . i
by varying the rate?; and R,. These bits are then mappegc;}ie resultant bit is thus given by:
to a QPSK symbol as = u(cicg), wherep(.) is the bit- Y owear Pré(z; = 2)Pr(z; =z
to-symbol mapping function. Hence the resultant bandwidfvup (55 = ) = log, > iPI‘e(l" P =) (16)
efficiency is given byn = R x log,(4) = 0.67 bit/s/Hz, reAq ’ ’
assuming a Nyquist roll-off-factor af=0. The QPSK symbol where A} and .4, denotes the two subsets of hosting
zs is then transmitted over the channel. The correspondisgmbols with theirgth bit being +1 and -1, respectively.
SECCC-ID decoder of Fig. 3 has been further explainatican be seen from Eq. (16) that in the derivation of the
in [15]. extrinsic information L5, (s; = dj), only the a priori

2) Multiuser Detection: A host of Multiuser Detection symbol probabilityPr®(x; = z) is needed, which is given
(MUD) schemes may be invoked, including the powerfudy:
but potentially complex Maximum Likelihood (ML) detection 1
scheme, spher_e decoding [20], etc. Here we opt for employiRg® (z; = z) = H 3 {1+2%anh [LS;p(s; = dj)/2} I8
a low-complexity soft interference cancellation schem#.[2 «€[L,Q]




wherex? € {41} is the gth bit’s polarity in symbolz. This

corresponds to a bit-LLR to symbol-probability conversior el
where the bit LLRLS,; , (s; = df) is gleaned from the output - e ous

of the SECCC-ID decoder block. It is then deinterleavedgisit 1
7, ' of Fig 2 to generate$, ,(c). The extrinsic LLRs of . o 2ul]
the codeword are denoted W37, (c) at the output of the o o 2u5i| 3
SECCC-ID decoder, which are fed back to the MUD of Fig z *
Then they are interleaved by, thus completing the outer & ° E
iteration between the SECCC-ID decoder and the MUD. So

Input Soft-Output (SISOMaximum A Posteriori Probability 107 3
(MAP) SECCC-ID decoder [22] first calculates the extrinsi

LLR of the information bits, namely..(b;) and L.(b2). Then 107 — AWGN Channel @ E
they are appropriately interleaved to yield tagriori LLRs | [.. Rayleigh Fading Channel 4
of the information bits, namely.,(b1) and L,(b2), as shown 10‘60 : s : : : .
in Fig 3. Self-concatenated decoding proceeds, until a fix E,/N, (dB)

number of iterations is reached. Apart from having innef-sel

concatenated iterations in the SECCC decoder, a fixed number

of outer iterations exchange extrinsic information betwtree Fig. 4. BER versuss, /Ny = [}, /No]; of Phase-I of SPC-SECCC scheme
or transmission over both AWGN and uncorrelated Rayleagtirfg channels.

decoder and the MUD [23] in order to yield the decoded bif2

by. A similar procedure is followed, when generatib o o . .
! P g hg of the two users exchanging information in two time slotd wil

o be2/3 bit/symbol. Similarly, the direct link based transmission

C. Phase Il - Relay to Source Transmission between the two users each having a transmission rag3of

At the relay re-encoding of; and b, is carried out using bit/symbol also exchanges information in two different gim
a rateR SECCC encoder and the resultant QPSK modulatelbts, as shown in Fig 1. The SPC-SECCC scheme imposes
signals aret; andis. These are re-transmitted ag. the additional complexity of the twin-stream detector, thoes

We hence focus our attention on source A, which receivedt cause any throughput reduction compared to an SECCC
the signalys = hizr + n4, where the transmitted signalp  scheme. We considered an information block length @f0
generated by the SPC scheme may be written as: bits per frame and the number of SECCC decoding iterations

R R was fixed tol,q; = 10.
xr = pT1 + (1 — p)ia, a7

with p being the amplitude scaling factor used at the relay f@&. Simulation Results

SPC_ and we simply assume= 1/2 in our paper. Node_ A We consider a relay node located at the mid-point between
receivesyy = hy * f(b1) + hu x f(b2) +n1, where the function he source/destination nodes A and B. According to Eqgs 3
f(.) represents the SECCC encoding. Since A has its awryq 4, we haveG,, = Gy = Gra = G,y = 4, while
priori information ofb,, it will first construct f (1) using the Ga, = 1. Hence from Eq 7 we havéE, /No|, = [Ey/Nol: +
same encoding function at the relay’s transmiter and sullstramloglo((;m)_ The achievable Phase-l performance is char-
the information from the received signgl and then decodes acterized in Fig 4 for transmission over both AWGN and
B's information as seen in Fig 2. However, in genéral“ b1, yncorrelated Rayleigh fading channels. The various saanar
hencef(bz) # f(b2). Given perfect self-information of, at  ¢onsidered were denoted by the legends: "2u 1, "2u 57,
source A, we could simply initilise the detection process bynq '1u’, where {) represents the number of outer iterations

thea priori information provided for source A according to itSyenyeen the SPC and SECCC decoders, as follows:
self-information. Note that thia priori information generated « 2u 1i- 2 users and 1 iteration:

by p_efect selfjinformation may not.be equal to thg ac_laual « 2u 5i - 2 users and 5 iterations:
priori information of our real transmitted packet, whichtis, . 1U- 1 user

I fect tion i d at the relay, wh h - . : -
LNIESS petect reception 1S assumed at the re‘ay, when we S\Beserve in Fig 4 that a marked improvement is exhibited by

1 = x1, which may be referred to as thdealizedscenario. . .

o coniast, n relsc scenaro we have, 1 The 8 BER ce bt fo WG and Revieh g rannes
receiver at source B follows the same design methodology. - ' '
v . W '9 gyrepresented by the solid line, at a BER ti—* the two-

. p E user scenario requires a 1.5 dB higligy/ Ny than the single-
- PERFORMANCEEVALUATION user case. Similar trends may be observed for Rayleighdadin

A. Assumptions and Parameters channels, as indicated by the dashed lines in Fig 4.

We have investigated the performance of our system forThe corresponding Phase-Il performance is shown in Fig 5
transmission over both AWGN and uncorrelated RayleigR an AWGN scenario and in Fig 6 for a Rayleigh fading
fading channels. The SECCC scheme of Fig 3 uBed= 1/2, channel, respectively. The performance of the variousaseen
R, = 3/4,v = 3 and Gray mapping, hence its overall rate [18PS is characterized by the four curves: 2u w 5i real’, 2u
R=1/3 from Eq. 9. The bit-to-symbol mappers are QPSWO 5i real’, "2u w 1", "1u dt’, which represent the following
mappers. Hence, we haye= 0.67 bit/s/Hz. The same encoderscenarios:
is used in our SPC-SECCC scheme, as depicted in Fig 2. Since 2u w 5i real - witha priori information usingl, = 5 outer
there are two users, the normalized per-user transmisaten r iterations for realistic error propagation at the relay;



10° ‘ ‘ of two single users transmitting and receiving each other’s
—2uwli information in two different time slots. Realistic trangsion
4 —*—2u w 5i real . .
——2u wo 5i real scenarios were considered, where the relay may encounter
107 —ludt i decision errors. The performance results gleaned from Fig 5

and 6 suggest that the SPC-SECCC system achieves a low
BER even for realistic error-infested relaying. Our futuwerk

will concentrate on supporting an increased number of users
under different channel conditions.

BER
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